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(57) L'invention concerne un procede de chauffage d'un mate- 
riau apte a absorber des ondes electromagnetiques de lon- 
gueurs d'ondes connues, en vue d'approcher un profit de 
temperature uniforme dans la masse de ce materiau. Ce pro- 
cede s'applique au chauffage d'une preforme en vue de per- 
mettre son etirage sous la forme d'une fibre. Les onces 
eiectromagnetiques sont produites par des lampes a incandes- 
cence 14 emettant sur une plage de longueurs d'ondes cou- 
vrant les longueurs d'ondes absorbees par le materiau. Le 
rayonnement emis par cei - -??s 14 est ?? 'tre au moyen d'un 
filtre 16 a fluide caloporteur apte a absorbs; r radiations vis- 
a-vis desquelles le materiau presente un coefr.-iant d'absorp- 
tton supe>ieur a un seuil d'absorption determine, de fa con a 
eliminer les exces de dissipation d'energfe dans les couches 
de surface de ce materiau. 
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PROCEDE ET FOUR POUR LE CHAUFFAGE D'UN MATER I AU ET APPLICATION 
AU CHAUFFAGE D 1 UNE PREFORME EN VUE DE REALISER SON ET IR AGE 
SOUS LA FORME D 1 UNE FIBRE 

5 

L'invention concerne un procede de chauffage 
d'un materiau, permettant d'approcher un profil de temperature 
uniforme dans la masse de ce materiau. Cette invention s'etend 
a un four de chauffage mettant en oeuvre ce procede. Elle 
10 s'applique," en particulier, au chauffage d'une preforme, 
notamment un barreau de polymere, destine a permettre 
l'etirage de celle-ci sous la forme d'une fibre, notamment 
op tique . 

Plusieurs techniques sont actuellement 
15 employees pour rdaliser l'etirage d'un barreau de polymere 
sous la forme d'une fibre optique. 

La premiere technique consiste a utiliser une 
vis sans fin associde a des moyens de chauffage et Integra a 
l'int<§rieur d'un conduit de section conjugu^e, possedant, a 

20 une de ses e x t r<§ m i te~ s » une portion de section inferieure 
conjugude du diametre des fibres a rdaliser. Les differents 
composants sont introduits sous forme de granulats dans le 
conduit, la vis sans fin etant portee a une temperature de 
l'ordre de 220° Celsius. Ainsi ces granulats, malaxes lors de 

25 leur acheminement vers 1' ext r<§ mi t<§ du conduit, sont amends a 
un etat liquide qui permet leur ecoulement par la portion 
extreme etrangiee du conduit. Cette technique prSsente deux 
inconv^nients f ondamen t aux. D'une part, 1' u t i 1 i s a t i on de 
granulats ne permet pas de garantir la pureM des composants 

30 de base et par consequent la quality de la fibre r4alis£e. Par 
ailleurs, la temperature eievee de la vis entraine des risques 
de ddpolymerisation de la matiere se trouvant en contact 
direct avec cette derniere. 

Une deuxieme technique consiste a utiliser un 

35 recipient sous pression d'azote, dote d'un conduit 
d'evacuation de section inferieure, conjuguee de la section de 
la fibre. Les differents monomeres introduits dans ce 
recipient sont, dans un premier temps, portes progress! vement 
a une temperature de l'ordre de 100° C permettant leur 

40 polymerisation complete puis, dans un deuxieme temps, a une 
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temperature de 180° C corresp ondan t a une fluidity importante 
du polymere. Une augmentation de la pression d'azo te a 
I'int^ rieur du recipient permet ensuite d'extraire la fibre 
opti.que. Cette technique permet de remedier h V inconvenient 
relatif & 1 ' u t i 1 i s a t i o n de composants de base sous forme de 
granulats. Toute'f ois, la temperature & I'int^rieur du 
recipient est di f - icilement controlable, d'ou des risques de 
de pol y m e r i s a t i on . De plus, la fibre optique extraite du 
recipient n'est pas immddiatement protegee par une gaine 
d'habillage. Ses qualites peuvent done se trouver alt^r^es, 
suite au depot de poussieres atmosph^ riques. 

Pour pallier ces inconv^nients, une troisi&me 
technique a ete mise au point, visant a sparer les etapes de 
polymerisation, gainage et etirage. La polymerisation est en 
effet r£alis£e dans une ampoule de verre portee 
progressivement a une temperature de l'ordre de 100° C. Le 
barreau de polym&re ainsi obtenu est introduit dans une 
deuxieme ampoule de verre afin de proc£der a son gainage. 
L'operation d'etirage s'ef fectue done a partir d'un barreau de 
polymer e. d£ja gaine dont la gaine se conforme aux dimensions 
de la fibre lors de l'etirage. Le chauffage du barreau de 
polymere gaine, en vue de cat etirage, est obtenu au mo yen 
d'une source d'ondes eiectromagnetiques constitute par une 
plurality de lampes a incandescence rayonnant vers ce barreau. 
Cette technique, sa t is fa isan te quant a la qualite du barreau 
de polymere a e t i r e r , pr^sente toutefois de gros 
incon ve n ien t s du fait du mode de chauffage utilise. En effet, 
1 1 u t i 1 i s a t i o n de lampes h incandescence conduit & un 
surchauf f age de la peripherie du barreau. Par consequent, il 
s'etablit un gradient de temperature d'une quinzaine de degr^s 
entre le coeur de la preforme et sa surface. Cette surface est 
done degradee avant que le coeur ne se trouve a une 
tempe -.ire permettant un etirage satisfaisant. Les fibres 
optiques realisees presentent done des defauts d 1 ho mo ge ne i te 
et des alterations de leur etat de surface. 

La presente invention se propose de pallier 
les inconvenients du procede ci-dessus evoque et de fournir un 
procede de chauffage d'un materiau dont l'objectif essentiel 
est d'obtenir un profil de temperature uniforme dans la masse 
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de ce matSriau. 

Un autre objectif de 1 ' invention est de 
permettre l'^tirage d'une pr^forme revetue initialement de sa 
5 gaine de protection. 

Un autre objectif est de fournir un four de 
rendement optimal permettant une grande viUsse d'£tirage. 

Le proc£d6, objet de l'invention permet le 
chauf f age d'un mat^riau apte a absorber des ondes 
10 e* lec t r o m a gne* t i que s de longueur d'ondes connues, en vue 
d'approcher un profil de temperature uniforme dans la masse de 
ce mat£riau. Selon la pr^sente invention, ce proc6de\se 
caract^ rise en ce qu'il consiste : 

-a utiliser une source d'ondes 
15 6 lec tromagne* t iques £mettant sur une plage de longueurs d'ondes 
couvrant les longueurs d'ondes absorbees par le mat^riau et a 
amener ladite source a rayonner vers ledit materiau, 

- a filtrer le rayonnement ^ mis par La source 
au moyen d'un fluide caloporteur apte a absorber lea 

20 radiations vis-a-vis desquelles le materiau presents u r, 
coefficient d'absorption sup^rieur a un seuii d 1 absorption 
determine^ de f agon a ^liminer les exces de dissipaticr, 
d f £nergie dans les couches de surface dudit materiau, 

- a f aire circuler le fluide caloporteur 
25 facon a £vacuer l'^nergie absorbee par ce fluide. 

Ce proc^de* pr^sente done les avantages 
inh^ rents a. 1 1 u t i 1 i s a t i o n d'ondes e* 1 e c t r o m a g n e t i qu e s comme 
moyens de chauf f age sans en presenter les inconvdnients. En 
effet, le surchauf fage des couches de surface du matdriau qui 

30 constitue le principal inconvenient de cette technique, est 
6vit6 grace a l'adjonction d'un filtre a fluide caloporteur 
qui permet d'absorber les radiations de longueurs d'ondes vis- 
6-vis desquelles le materiau est trop absorbent et qui 
seraient par consequent converties en chaleur a la surface de 

35 ce materiau. 

La mise en oeuvre de ce proc£de* consiste done 
a e*tudier le spectre d'absorption du materiau, et a 
sdlectionner un fluide pre*sentant un spectre d'absorption 
similaire, de f agon que ce fluide absorbe les radiations de 
40 longueurs d'ondes correspondent aux pics d'absorption intenses 
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du mat^riau. 

Ce proce*de* s'applique, en particuLier, pour 
le chauff age d'un polymere apte a absorber des ondes 
5 6 1 e c t r o m a g n £ t i q u e s sensiblement comprises entre 0,8 et 
4 microns* L'on utilise alors, pr^fdrentiellement, comme 
source d'ondes dlectromagne* tiques, des lampes a incandescence 
^ met tan t sur u . plage de longueurs d'ondes s'^tendant 
sensiblement entre 0,6 et 4 microns ; le rayannement ^ mis par 

10 ces lampes est, en outre, filtre* au moyen d'un fluide 
calopor teur apte a absorber les radiations vis-a-vis 
desquelles le mat£riau a un coefficient d* absorption 
sensiblement sup^rieur a 4,5 m ~ ^ , pour des £chantillons de 
queiques centimetres d'e*paisseur. 

15 Dans le cas plus particulier de maceriau s 

liaison C - H, le precede* consiste, avantaceusement, a 
filtrer les radiations de longueurs d'ondes sensiblement 
sup^rieures a 1,6 micron. En ef f et, une ^ tuce du spectre 
d'absorption de tels mat^riaux dfi'montre que l 1 utilisation de 

20 longueurs d'ondes sup^r ieures a 1,6 micron conduiraib a 
1' excitation des modes de vibrations les mains eieves des 
liaisons C - H, et done les plus absorbants : radiations de 
longueurs d'ondes comprises entre 3,2 et 3,4 microns 
correspondent aux vibrations f on da me n t a 1 es des liaisons C - H 

25 et radiations dont les longueurs d'ondes c o r r e s p o n d a n t aux 
premiers harmoniques. Ces radiations seraient done cenverties 
en chaleur a la surface du mat£riau, entrainant une alteration 
de 1 ' e" t a t de surface de celui-ci. 

II est a noter que 1 1 u t i 1 i s a t i o n de sources, 

30 autres que des lampes a incandescences, telles que lasers, 
lampes k d^charges, etc... qui 1 prodniraient de la lumiere 
uniquement dans le visible, n'est pas envisageable. En effet, 
ces sources dmettent des radiations dont les longueurs d'ondes 
corrfe; . * ^ent h des harmoniques d'ordre supe^rieur a 4, dont 

35 I'absorption est negligeable pour des ^paisseiirs de matSriaux 
de queiques centimetres. 

Selon une autre caractdristique de 
l'invention, ce proc^de* permet le chauffage d'une pr^forme en 
un mat^riau thermoplast ique apte a absorber des ondes 
40 dlectromagne* tiques de longueurs d'ondes connues, en vue 
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d'etirer cette preforme sous la forme d'une fibre. Le precede 
se carscterise alors en ce qu'il consiste : 

- a disposer la preforme dans une enceinte de 
5 chauffage dotee d'une plurality de lampes a incandescence 

emettant sur une plage de longueur, Sondes couvrant les 
longueurs d'ondes absorb^es par ladite preforme et a amener 
lesdites lampes a rayonner vers cette pr^ forme, 

- a interposer entre la preforme et les 
10 lampes, un filtre a circulation de fluide caloporteur apte a 

absorber les radiations vis-a-vis desquelles la preforms 
pr^sente un coefficient d' absorption superieur a un seuii 
d'absorption termini, de f agon a eiiminer les exces de 
dissipation d'^nergie dans les couches de surface de ladite 
15 preforme, 

- a faire circuler le fluide caloporteur de 
f agon a evacuer 1 ' ^nergie absorbed par ce fluide. 

Une application consiste, notamment, an 1= 
realisation de fibres optiques par eti rage d'un b a r r s a u c e 
20 polymere . 

Comme cite ci-dessus, le p r o c e d £ p 3 r m e ■. 
d'approcher un profil de temperature uniforme dans la masse de 
la preforme. Les fibres obtenues pr^sentsn t done une par f ait e 
horn: -incite et ne sont pas a 1 1 e re e s au niveau de leurs couches 
25 de surface. 

En outre, la pr^ forme peut et re 
avantageusement introduite dans 1' enceinte de chauffage 
rev etue d'une gaine de protection en un mat^riau 
thermoplast ique apte a se conformer aux dimensions de la fibre 
I lora.de l'etirage de cette preforme. Ainsi est e v i t e tout 
risque de d£pfct de poussieres a t m osp he r iqu'i s au niveau de 
I'interface entre le coeur et la gaine de la fibre. 

Par ailleurs, un deuxieme ^ tage de chauffe 
dote d'une plurality de lampes a incandescence dmett ant sur 
une plage de longueurs d'ondes couvrant les longueurs d'ondes 
absorb^es par la preforme est avantageusement utilise en vue 
de r^chauffer les couches de surface de cette pr^ forme . 

Oe plus, selon une autre c a r a c t e r i s t i q u e de 
l'invention, une paroi reflectrice est dispos^e cote externe 
des lampes par rapport au filtre a circulation de fluide. 
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Cette paroi rdflectrice est, pr^t^rentiellement, constitute 
d'une plurality de miroirs concaves, chacun dispose en regard 
d'une lampe, de fagon a focaliser le rayonnement de cette 
5 lampe vers Is msforme. 

Ces deux demises caracttristiques ont pour 
but d'obtenir une mpuleure homog£n£isation de temperature 
dans la masse, de ia prtforme et une vitesse d'e'tirage plus 
grande - 

1° L f invention s'ttend a un four destine" au 

chauffage d'un mat^riau apte a absorber des ondes 
€ 1 e c t r o m a gne" t i qu e s de longueurs d'ondes connues. Ce four se 
caracte*rise en ce qu'il comprend : 

- une source d'ondes i 1 e c t r o m a g n e t i q u s s 
15 constitute d'au moins une lampe a incandescence apte a ernettre 
sur une plage de longueurs d'ondes couvrant las longueurs 
d'ondes absorbtes par le mat^riau, 

-un filtre a circulation de flu ice 
caloporteur interpose* entre la source et le materiau, Le 
20 fluide caloporteur 3tant adapts pour absorber ies radiations 
vis-a-vis desquelles le mat^riau pr^sente un coerf icien: 
d 1 absorption sup^rieur a un seuil d'absorption determine, ce 
fagon a £liminer les exc&s de dissipation d'§nergie dans las 
couches de surface du materiau- 
25 Ce four peut a v a n t a g e u s e m e n t efcre utilise 

pour le chauffage d'une pr^ forme en un materiau 
thermoplas tique apte b absorber des ondes e* lectromagne* tiques 
de longueurs d'ondes connues, en vue de permettre l'ttirage de 
cette prtforme sous la forme d'une fibre. La source est alors 
30 constitute d'une plurality de lampes a incandescence aptes a 
Ernettre sur une plage de longueurs d'ondes couvrant les 
longueurs d'ondes absorb^es par la prtforme, et disposes de 
fagon h Ernettre un rayonnement uniforme vers la totality de la 
surface oe Isditc- orSforme. 
35 [.'invention exposte ci-dessus dans sa forme 

g£n£rale, sera mieux comprise a la lecture de la description 
qui suit et a l'examen des dessins annexes qui en 
repre'sentent, a titre d'exemple non limitatif, un mode de 
realisation pr^f^rentiel. Sur ces dessins qui font partie 
40 inttgrante de la pre"sente description : 
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- la figure 1 est une vue en perspective, 
avec certaines parties arrachdes, d'un four conforme h 
1 ' inven tion , 

- la figure 2 en est une coupe longi t udi na 1 e 

par un plan A. A., 

- la figure 3 est une coupe 1 on g i t u d i n a 1 e 
sch£matique illustrant l'op^ration d'^tirage d' une pr£forme, 

- la figure 4 est une vue schema ti que 
illustrant la disposition des diffdrents H^ments h 
1 ' in t£ ri eur de ce four. 

Le four repr6sent£ aux figures 1 & 4 est 
destine au chauffage d'un barreau 1, notamment de polymers, 
dit preforms, apte h absorber des ondes 3 Le c t r o m a gn£ t i q ue s de 
longueurs d'ondes connues, en vue de permettre l'6tirage de ce 
barreau sous la forme d'une fibre 2, notamment optique. Ce 
four est concu de f agon h permettre d'approcher un pro fi i de 
temperature uniform.e dans la masse de ia pr^ forme. 

Le four se compose de deux encein *es de 
chauffage 3 , 4 superposes, d^limit^es respectivement par >j n e 
paroi sup^rieure 5 et une paroi inferieure 6, en aluminium, ez 
separ^es par une paroi interm^diaire 7. Ces trois pare::; 
pr^sentent la forme de couronnes dont l'evidement central 
permet, notamment, la mise en place de la p re forme 1. 

De plus, les parois superieure 5 et 
inf^rieure 6 sont pr^vues amovibles de facon a permettre 
d'acc^der facilement h l'int^rieur du four. A cet effet, elles 
se composent d'une couronne p£riph£rique 5a, 6a, dot^e d'un 
6paulement 5b, 6b au niveau de son chant lateral interne, et 
d'une couronne int^rieure 5c f 6c amovible venant prendre appui 
aur i'^paulement 5b, 6b pr£cit£. Ces deux dl^ments sont 
solidaris^s au moyen de vis de fixation telles que 8. 

Chacune des enceintes 3, 4 est, en outre, 
ferm£e 1 a t 6 r a 1 e m en t par une paroi periph^rique 9 de forme 
cylindrique. Une des extr£mit£s de cette paroi 9 est log£e 
dans une gorge annulaire 10 m d n a g £ e respectivement dans les 
parois superieure 5 et infSrieure 6 ; cette extr£mit£ est 
maintenue dans cette gorge 10 au moyen de vis de fixation 
telles que 11. Par ailleurs, cette parol p£riph£rique 9 est de 
hauteur adapt£e pour s'interrompre & distance de la paroi 
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interm£diaire 7. Cette disposition permet du cr^er une 
difference de potentiel entre la paroi supe*rieure 5 (ou 
inf£rieure 6) et la paroi intermddiaire 7. 

L'ensemble est finalement maintenu au moyen 
d'entretoisei. t el les que 12 solidaris^es au niveau de chacune 
des parois 5, 6, 7 par 1'interm^diaire de manchons 13 en un 
mat^riau isolant 1 v i que de la porcelaine. 

A 1' int^rieur de chacune des enceintes 3, 4 
sont dispos£es une plurality de lampes k incandescence 14, de 
forme navette, dont les extr£mit£s sont log£es dans des 
orifices 15 me*nag£s dans chacune des parois 5, 6, 7 ; ces 
lampes 14 sont r^parties sur le pourtour de ces enceintes 3. i 
dans 1 e u r zone p^riphdrique. Elles sont alimentees er ( couran: 
basse tension (24 volts) et sont adaptees pour emectre ces 
radiations dans una plage de longueurs d'ondes couvrar.: L e ^ 
longueurs d'ondes absorb^es par la pre f c r me 1. 

En outre, la puissance electriqus : e c e i 
lampes 14, comprise entre 10 et 20 watts, est ch cisie e ~ 
fonction de la dimension et de la nature de la preterms 1 '= 
etirer. Cette puissance peut etre regules de fa?on p 1 ■ j s ~ i - i 
en utilisant des m o y ens d' alimentation ^le: :r i;-. e " .-. c " 
reprise ntes) adapte's pour f a i r e varier la z a r. s ~ : ~ 
d' alimentation de ces lampes. 

Une des enceintes de chauffage 3 concrete 
6galement un filtre 16 k circulation de fluide caloporteur 
positionne" de fagon k se trouver interpose entre les lampes k 
incandescence 14 et la pr£forme 1. Ce filtre 16 est constitu£ 
par un manchon cylindrique en pyrex, a double paroi 16a, 16b, 
entre lesquelles circule le fluide caloporteur. II repose sur 
un £paulement 17 m£nag£ au niveau du chant lateral interne de 
la paroi in t erm §di ai re 7. 

Le fluide, choisi en fonction de ses bandes 
d'abao: ion, ert de nature k absorber les radiations vis-a- 
vis desquelies u pr^forme 1 de quelques centimetres de 
diam&tre, pr^sente un seuil d'absorption supe*rieur k 4,5 m~^, 
de facon k approcher un profil de temperature uniforme dans la 
masse de cette pr^forme. 

Ce fluide est mis en circulation dans un 
circuit ferme* et thermostat^, par des moyens de pompage 
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eiectriques, de ^agon h £vacuer l'£nergie absorb^e. Ce circuit 
de refroidissement comprend, notamment, des mo yens de 
canalisation 18 serpentant dans la paroi intermddiaire 7 du 
5 four de f agon a ref roidir ce dernier. Le fluide caloporteur 
constitue, done, & la fois l'61£ment ? c t i f du filtre 16 et 
l'dld ment caloporteur servant & ref roi .. r les enceintes de 
chauf f a ge 3, 4. 

Un refroidissement suppl£ men tair e est obtenu 
10 au moyen de fentes 19 pe* riphe" r iques mdnag^es dans chacune des 
parois sup^rieure 5 et infdrieure 6 du four, h l'ext£rieur de 
la paroi p£riph£rique 9. Ces fentes 19 permettent de cr£er une 
circulation d'air qui entralne un refroidissement per 
convection de la paroi p£riph£rique 9 du four* 
15 Par ailleurs, la paroi p^riphd rique 9, en 

laiton, pr^sente une face interne chromde, de forme ondul^e, 
de facon a constituer, une plurality de miroirs 20 de formes 
concaves disposes c3te & cote, chacun en regard d'une lampe h. 
incandescence 14. 
20 Ces miroirs 20 permettent de focaliser Is 

rayonnement des lampes 14 vers la zone centrale du four ou se 
trouve la pr^ forme 1, et done d'obtenir un prof il de 
temperature plus homogfene et une vitesse d'^tirage plus 
grande . 

25 Cette convergence du rayonnement lumineux 

vers le centre du four est obtenue en positionnant chaque 
lampe 14 & une distance du centre du four et de la paroi 
p£riph£rique 9, telle que : 

112 

30 - + - = - (figure 4) 

P P f R 

ou : R rayon du miroir = SC distance entre le sommet et le 

centre du miroir, 
P = SL distance entre le sommet du 

35 miroir et ie centre de la coma 

form£e par les rayons r4fl£chis 
sur le miroir, 

P 1 = SL' distance entre le sommet du 

miroir et la position de la 
40 lampe . 
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En dernier lieu, les parois sup^rieure 5 et 
inf^rieure 6 du four sont dot^es, chacune, d'une ouverture 
permettant respective men t l 1 in fcroduc t ion de la pr^forme 1 et 
5 1' extraction de la fibre 2. Ces ouvertures sont pourvues de 
diaphragmes 21 a iris permettant d'adapter leur section aux 
dimensions respectives de la pr^ forme 1 et de la fibre 2, de 
facon a eviter des courants d'air dus a la convection, dans le 
four . 

10 Cette derniere c a r a c te r i s t i q u e permet un 

meilleur controle de la temperature et une bonne stabilisation 
de cette temperature a l'intdrieur du four* 

Le four tel que d e c r i t ci-dessus est 
p a r t i c u 1 i e r e m en t adapts pour chauffer une preforms 1 en un 
15 materiau t h e r m o p 1 a s t i q u e en vue de I'd tirer sous la forme 
d'une fibre 2. Cette pr^forme 1 est introduite dans ie four, 
munie d'une gaine de protection 22 en un materiau adapte pour 
se ramollir et se conformer aux dimensions de la fibre 2 1 o r s 
de l'e*tirage de la pr^forme 1 (figure 3). 
20 Le premier e t a g e de chauffe 3, dote du filtre 

a circulation de fluide 16, permet alors de chauffer Is. 
pre forme 1 de facon a approcher un pro f i 1 de temperature 
uniforme dans la masse de cette derniere. Le deuxi^me etage de 
chauffe 4, de puissance beaucoup plus faible, permet quant a 
25 lui de r^chauffer les couches de surface de la preforme 1 qui 
ont tendance a se refroidir, et done, de preserver 
l f homog£n£i te de temperature dans la masse de cette preforme. 

L'etirage, proprement dit, est realise a 
l'aide de tout moyen m^canique classique, connu en soi. Cet 
30 etirage debute lorsque l'extremite de la preforme 1 se trouve 
a son point de fusion. 

II est a noter que la possibilite offerte, 
ini tialement, de regler la tension d 1 ali men tation des lampes a 
incanai — nee 14, de choisir un fluide ou un melange de 
35 fluides caloporteurs, par ticulierement adaptes & la nature du 
materiau, et de choisir des lampes de puissance adequate, 
permet de faire fonctionner le four avec un rendement optimal. 

L'exemple ci-apr&s cite, illustre une 
application de ce pracede au chauffage d'un barreau en 
40 polymethacr y late de methyle (ci-dessous designe par PMMA), en 
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vue de permettre son Mirage sous la forme d'une fibre 
optique . 

L'fStude des pertes d'absorption du PMMA 
5 montre la presence du pic fondamental d'absorption pour des 
longueurs d'ondes comprises entre 3,2 et 3,4 microns. A ce pic 
trfes intense sont associes des harrooniques situes dans le 
proche infrarouge et dans le visible, dont l'amplitude decroit 
au fur et a mesure que l'ordre augmented 

10 Cette <§tude permet de ddduire que l'obtention 

d'un profil de temperature uniforme dans la masse de ce 
materiau nScessite l'utilisation de lumiere de longueur d'onde 
inferieure a 1,6 micron. En effet, des radiations de longueurs 
d'ondes superieures a cette valeur conduiraient a 

15 l'excitation des modes de vibration les mains eleves das 
liaisons C - H, done les plus absorbants ; ces radiations 
seraient done converges en chaleur dans las couches da 

surface de la pr^forme. 

II est a noter, en outre, que ies radiations 

20 aensiblement inferieures a 1 micron sont tres peu absorbees 
par le PMMA pour des epaisseurs de ce materiau de l'ordre da 
quelques centimetres. Par consequent, un chauffage uniforms 
dans la masse de la pr^forme requiert d'exciter les radiations 
de longueurs d'ondes s'etendant sensiblement entre 1 et 1,6 

25 micron qui sont su f f is a m men t absorbees pour etre converties en 
chaleur . 

A cet effet, le liquide caloporteur choisi 
qui doit presenter un spectre d'absorption similaire a celui 
du PMMA est un materiau dont les molecules contiennent des 
30 liaisons C-H. 

L'f§tude des spectres d'absorption de 
differents liquides a ainsi permis de selectionner le pentane, 
le methanol, le chloroforme et le te tr ac h 1 o ru re de carbone. 
Toutefois, le rendement optimal du four est obtenu avec un 
35 liquide constitu^ par le melange de ces differents produits 
dans des proportions permettant une concentration adequate des 
liaisons C-H. 
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RE VEND ICAT I ONS 
1/ - Proc£d£ de chauffage d'un mat^riau apte 
a absorber des ondes 6 1 ec t roma gn£ t iques de longueurs d'ondes 
5 connues, en vue ^approcher un profil de temperature uniforme 
dans la masse dudit mate"riau, ledit proc£de* £tant caract£ris£ 
en ce qu'il consiste : 

i utiliser une source d'ondes 
£ lec tromagn6 tiques dmettant sur une plage de longueurs d'ondes 
10 couvrant les longueurs d'ondes absorb^es par le mat£riau et & 
amener ladite source h rayonner vers ledit mate"riau, 

- a filtrer le rayonnement £mis par la source 
au moyen d'un f luide caloporteur apte a absorber les 
radiations vis-a-vis desquelles le mat£riau prdsente un 

15 coefficient d' absorption sup^rieur a un seuil d' absorp t ion 
determine, de facon a dliminer les exces de dissipation 
d'£nergie dans les couches de surface dudit mat£riau, 

- a faire circuler le fluide caloporteur de 
fagon a ^vacuer l'^nergie absorb^e par ce fluide. 

20 2/ - Precede* selon la re vendi ca t ion 1 pour le 

chauffage d'un polymere apte & absorber des on das 
dlectromagne tiques de longueurs d'ondes sensiblement comprises 
entre 0,3 et 4 microns, caracteris^ en ce qu'il consiste a 
utiliser des lampes h incandescence (14) £mettant sur une 

25 plage de longueurs d'ondes s'^tendant sensiblement entre 0,6 
et 4 microns. 

3/ - Proc^de selon la re vendica t ion 2 pour le 
chauffage d'un mate*riau organique a liaisons C - H, 
caract£ris£ en ce qu'il consiste a filtrer les radiations de 
30 longueurs d'ondes sensiblement sup^rieures a 1,6 micron. 

4/ - ProctSde" de chauffage d'une prSforme (1) 
en un mat^riau t h e r m o p 1 a s t i qu e apte a absorber des ondes 
6* 1 ec t r om a gn£ t iqu es de longueurs d'ondes connues, destind a 
permeti. .. l'£tii?ge de ladite pr^ forme sous la forme d'une 
35 fibre (2), caract£ris£ en ce qu'il consiste : 

- a disposer la pr^forme (1) dans une 
enceinte de chauffage (3) dot£e d'une plurality de lampes a 
incandescence (14) 4mettant sur une plage de longueurs d'ondes 
couvrant les longueurs d'ondes absarbdes par ladite pr^forme 

40 et a amener lesdites lampes a rayonner vers cette pr^forme, 
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- a interposer entre la prSforme (1) et les 
lampes (14), un filtre (16) a circulation de fluide 
caloporteur apte a absorber les radiations vis-&-vis 

5 desquelles la pr^forme (1) prSsente un coefficient 
d'absorption supSrieur a un seuil d'absorp tion dStermint*, de 
facon a Sliminer les exces de dissips.ion d'Snergie dans les 
couches de surface de ladite prSforme, 

- a faire circuler le fluide caloporteur de 
10 facon h Svacuer l'Snergie absorbed par ce fluide. 

5/ - ProcSde* de chauffage selon la 
revendication 4, destine* au chauffage d'une prSforme (1) de 
polymere de quelques centimetres d'Spaisseur, en vue de 
permettre son Stirage sous la forme d'une fibre optique (2), 

15 caractSrise" en ce qu'il consiste a filtrer le rayonnement Smis 
par les lampes (14) au moyen d'un fluide caloporteur apte a 
absorber les radiations vis-^-vis desquelles ladite preforme a 
un coefficient d'absorption supSrieur & 4,5 m" 1 . 

6/ - P r o c <§ d e* de chauffage salon 1 1 u n e des 

20 revendications 4 ou 5, car ac t£ r i se* en ce que 1'on introduit ia 
preforme (1) dans l'enceinfce de chauffage (3), revetue d'une 
gaine de protection (22) en un mat^riau t h er mop 1 as t i qu e apte a 
se conformer aux dimensions de la fibre (2) lors de 1'Stiraga 

de ladite preforme. 

25 7/ - Proc^de* de chauffage selon I'une des 

revendications 2 a 6, caractS ris<§ en ce que 1'on alimente les 
lampes a incandescence (14) en un courant de tension reglable 
de facon a rSguler la puissance Slectrique desdites lampes. 

8/ - ProcSde" de chauffage selon l'une des 

30 revendications 4 a 7, caractSrisS en ce que 1'on utilise un 
deuxieme Stage de chauffe (4) dote~ d'une plurality de lampes a 
incandescence (14) Smettant sur une plage de longueurs d'ondes 
couvrant les longueurs d'ondes absorbers par la preforme (1) 
et en ce que 1'on amene lesdites lamper a rayonner vers ladite 

35 preforme de facon a rSchauffer les couches de surface de cette 
pre* forme . 

9/ - ProcSde* de chauffage selon la 
revendication 8, c a r a c t e§ r i s <§ en ce que 1'on fait circuler le 
fluide caloporteur dans une cloison in t ermSdiai r e (7) sSparant 
40 les deux Stages de chauffe (3, 4). 
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10/ - Four destine au chauffage d'un mat^riau 
apte a absorber des ondes £ lec tro magnd t iques de longueur 
d'ondes connues, caract^ris^ en ce qu'il comprend : 
5 -une source d'on des 31ectromagn6tiques 

constitute d ! au moins une lampe a incandescence (14) apte h 
3mettre sur une plage de longueurs d'ondes couvrant les 
longueurs d'ondes absorb£es par le mat^riau, 

- un filtre (16) h circulation de fluide 
10 caloporteur interpose entre la source et le matdriau, le 
fluide caloporteur £tant adapts pour absorber les radiations 
vis-&-vis desquelles le mat^riau pr^sente un coefficient 
d'absorption sup£rieur h un seuil d'absorp tion determine, de 
f a?on a dliminer les excfes de dissipation d'^nergie dans les 
15 couches de surface du mat£riau. 

11/ - Four selon la r e v e n d i c a t i o n 11 destine 
au chauffage d'une pr^forme (1) en un mat£riau thermoplas t ique 
apte & absorber des ondes £lectromagn£tiques de longueur 
d'ondes connues, en vue de permettre I'd tirags de iadita 
20 pr^forme sous la forme d'une fibre (2), caract^rise en ce que 
la source d'ondes 6 1 e c t r o m a g n e t i q u e s est constitute d'une 
plurality de lampes k incandescence (14) aptes h emettre sur 
une plage de longueurs d'ondes couvrant les longueurs d'ondes 
absorbees par la pr^forme (1) et disposees de fagon h Smettre 
25 un rayonnemen t uniforme vers la totality de la surface de 
ladite prdforme . 

12/ - Four de chauffage selon la 
re vendica t ion 11, caracteris£ en ce qu'il comprend une 
enceinte de chauffage (3) de forme g^nd rale cylindrique, les 
30 lampes & incandescence (14) gtant r^parties sur le pourtour de 
ladite enceinte, dans sa zone p^riphdrique et le filtre (16) 
Stant constitue* d'un manchon cylindrique h deux parois (16a, 
16b) entre lesquelles s'e'coule le fluide caloporteur. 

13/ - Four de chauffage selon l'une des 
35 revendications 11 ou 12, caractdrisS en ce qu'il comprend une 
paroi r^flectrice (9) c*bt6 externe des lampes a 
incandescence (14), par rapport au filtre (16) & circulation 
de fluide. 

14/ - Four de chauffage selon la 
40 revendication 13, caractt§ris£ en ce que la paroi rf*flectrice 
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comporte une plurality de miroirs concaves (20), chacun 
desdits miroirs se trouvant dispose en regard d'une lampe a 
incandescence (14) de facon a focaliser le rayonnement de 
5 ladite lampe vers la zone centrale de l'enceinte (3), 

15/ - Four de chauffage selon rune des 
revendicat ions 11 a 14, caract£rise* en ce qu'il comprend une 
deuxieme enceinte de chauffage (4) comportant une source 
d'ondes e* 1 e c t r o m a g n e* t i q u e s constitute d'une plurality de 
10 lampes a incandescence (14) dmettant des radiations dans une 
plage de longueurs d'ondes couvrant les longueurs d'ondes 
absorbdes par la pr^forme (1), lesdites lampes £tant disposes 
de facon a dmettre un rayonnement uniforme vers la totalite* de 
la surface de ladite prdforme . 
15 16/ - Four de chauffage selon l'une des 

revendications 10 a 15, caract^rise* en ce qu'il comprend un 
circuit de refroidissement du fluide caloporteur comportant 
un circuit en boucle ferm^e, thermostate, et des m cyans da 
mise en circulation dudit fluide. 
20 17/ - Four de chauffage selon la 

revendication 16, caract£ris£ en ce que les deux enceintes de 
chauffage ( 3 , 4) sont separ^es par une parol 
inter mtdiaire (7) a l'interisur de laquelle serpen tent das 
moyens de canalisation (18) du fluide caloporteur. 
25 18/ - Four de chauffage selon l'une des 

revendications 10 a 17, caract^rise* en ce qu'il comprend des 
moyens d' alimentation tlectriques des lampes a 
incandescence (14) adaptds pour d^livrer une tension reglable 
autour d'une valeur de l'ordre de 24 volts* 
30 19/ - Four de chauffage selon l'une des 

revendications 11 a 18, comprenant une paroi sup£rieure (5) et 
une paroi inf^rieure (6) dot£es chacune d'une ouverture 
permettant respec ti ve men t 1' introduction de la pr^forme (1) et 
l'extraction de la fibre (2), ledit four 3tant carac t£ ris£ en 
35 ce que lesdites ouvertures sont dot^es de diaphragmes (21) 
permettant d'adapter la section de ces ouvertures aux 
dimensions respectives de la pr^forme (1) et de la fibre (2), 
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METHOD AND OVEN FOR HEATING A MATERIAL AND APPLICATION 
TO THE HEATING OF A PREFORM FOR THE PURPOSE OF DRAWING 
IT INTO THE FORM OF A FIBER 

The invention relates to a method of heating a 
material, making it possible to approximate a uniform 
temperature profile throughout this material. This 
invention extends to a heating oven for implementing 
this method. It applies, in particular, to the heating 
of a preform, especially to a polymer rod, intended to 
allow the preform to be drawn into the form of a fiber, 
especially an optical fiber. 

Several techniques are currently employed for drawing a 
polymer rod into the form of an optical fiber. 

The first technique consists in using a feed screw 
combined with heating means and incorporated into a 
duct of conjugate cross section, having, at one of its 
ends, a portion of smaller cross section conjugate with 
the diameter of the fibers to be produced. Various 
components are introduced in granule form into the 
duct, the feed screw being raised to a temperature of 
about 220°C. Thus, these granules, mixed as they 
progress toward the end of the duct, are taken into the 
liquid state, allowing them to flow through the 
restricted end portion of the duct. This technique has 
two fundamental drawbacks. Firstly, using granules does 
not guarantee the purity of the base components and 
consequently the quality of the fiber produced. 
Secondly, the high temperature of the screw entails a 
risk of the material in direct contact with the screw 
depolymerizing . 

A second technique consists in using a container under 
a certain pressure of nitrogen, provided with a 
discharge duct of smaller cross section, conjugate with 
the cross section of the fiber. The various monomers 
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introduced into this container are, firstly, gradually 
raised to a temperature of about 100°C, allowing them 
to be fully polymerized, and then, in a second step, to 
a temperature of 180°C, corresponding to significant 
fluidity of the polymer. An increase in the nitrogen 
pressure inside the container then allows the optical 
fiber to be extracted. This technique makes it possible 
to remedy the drawback relating to the use of base 
components in the form of granules. However, the 
temperature inside the container is difficult to 
control, hence the risk of depolymerization . In 
addition, the optical fiber extracted from the 
container is not immediately protected by a covering 
cladding. Its properties may therefore become impaired, 
the result of atmospheric dust being deposited thereon. 

To alleviate these drawbacks, a third technique has 
been developed, with the purpose of separating the 
polymerization, cladding and drawing steps. The 
polymerization is in fact carried out in a glass 
container gradually raised to a temperature of about 
100°C. The polymer rod thus obtained is introduced into 
a second glass container so as to clad it. The drawing 
operation is therefore carried out using a polymer rod 
already clad, the cladding of which conforms to the 
dimensions of the fiber during drawing. The clad 
polymer rod is heated, for the purpose of drawing it, 
by means of a source of electromagnetic waves 
consisting of a plurality of incandescent lamps 
radiating toward this rod. This technique, which is 
satisfactory as regards the quality of the polymer rod 
to be drawn, does have, however, major drawbacks 
because of the mode of heating used. This is because 
the use of incandescent lamps results in the periphery 
of the rod being overheated. Consequently, a 
temperature gradient of about fifteen degrees is 
established between the core of the preform and its 
surface. This surface is therefore degraded before the 
core is at a temperature allowing it to be drawn 
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satisfactorily. The optical fibers produced therefore 
have homogeneity defects and their surface finish is 
impaired . 

5 The present invention proposes to alleviate the 
drawbacks of the abovementioned method and to provide a 
method of heating a material whose essential objective 
is to obtain a uniform temperature profile throughout 
this material . 

10 

Another objective of the invention is to allow a 
preform initially coated with its protective cladding 
to be drawn. 

15 Another objective is to provide an oven of optimal 
efficiency allowing a high draw rate. 

The method, forming the subject matter of the 
invention, is for heating a material capable of 
2 0 absorbing electromagnetic waves of known wavelengths, 
for the purpose of approximating a uniform temperature 
profile throughout this material. According to the 
present invention, this method consisting: 

- in using a source of electromagnetic waves which 

2 5 emits over a wavelength range covering the wavelengths 

absorbed by the material and in making said source 
radiate toward said material; 

- in filtering the radiation emitted by the source 
by means of a heat-transfer fluid capable of absorbing 

3 0 the radiation with respect to which the material has an 

absorption coefficient greater than a defined 
absorption threshold, so as to remove the excess energy 
dissipated in the surface layers of said material; and 

- in making the heat-transfer fluid circulate so 
35 as to remove the energy absorbed by this fluid. 

This method therefore has the inherent advantages of 
using electromagnetic waves as heating means without 
their drawbacks. This is because the overheating of the 
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surface layers of the material, which constitutes the 
main drawback of this technique, is avoided thanks to 
the addition of a filter containing a heat-transfer 
fluid which makes it possible to absorb the radiation 
5 of wavelengths at which the material is excessively 
absorbent and which would consequently be converted 
into heat at the surface of this material. 

To implement this method therefore involves studying 
10 the absorption spectrum of the material and in 
selecting a fluid having a similar absorption spectrum 
so that this fluid absorbs the radiation of wavelengths 
corresponding to the intense absorption peaks of the 
material . 

15 

This method applies, in particular, to the heating of a 
polymer capable of absorbing electromagnetic waves 
having wavelengths substantially lying between 0.8 and 
4 microns. It is therefore preferred to use, as a 

2 0 source of electromagnetic waves, incandescent lamps 

emitting over a wavelength range lying substantially 
between 0.6 and 4 microns; the radiation emitted by 
these lamps is furthermore filtered by means of a heat- 
transfer fluid capable of absorbing the radiation with 
25 respect to which the material has an absorption 
coefficient substantially greater than 4.5 rrf 1 for 
specimens a few centimeters in thickness. 

In the more particular case of materials having C-H 
30 bonds, the method advantageously consists in filtering 
the radiation of wavelengths substantially greater than 
1.6 microns. This is because a study of the absorption 
spectrum of such materials demonstrates that the use of 
wavelengths greater than 1.6 microns results in 

3 5 excitation of the lowest vibration modes of the C-H 

bonds, and therefore the most absorbent ones: radiation 
having wavelengths of between 3.2 and 3.4 microns 
corresponding to the fundamental vibrations of the C-H 
bonds and radiation whose wavelengths correspond to the 
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first harmonics. Such radiation would therefore be 
converted into heat at the surface of the material, 
impairing the surface finish of the latter. 

5 It should be noted that the use of sources other than 
incandescent lamps, such as lasers, discharge lamps, 
etc., which produce light only in the visible, cannot 
be envisioned. This is because these sources emit 
radiation whose wavelengths correspond to harmonics of 
10 order greater than four, the absorption of which is 
negligible. for material thicknesses of a few 
centimeters . 

According to another characteristic of the invention, 
15 this method can be used to heat a preform made of a 
thermoplastic capable of absorbing electromagnetic 
waves of known wavelengths for the purpose of drawing 
this preform into the form of a fiber. The method then 
consists : 

20 - in placing the preform in a heating chamber 

provided with a plurality of incandescent lamps 
emitting over a wavelength range covering the 
wavelengths absorbed by said preform and in making said 
lamps radiate toward this preform; 

25 - in interposing, between the preform and the 

lamps, a filter through which a heat- transfer fluid 
circulates capable of absorbing the radiation with 
reS p ec t to which the preform has an absorption 
coefficient greater than a defined absorption 

3 0 threshold, so as to remove the excess energy dissipated 
in the surface layers of said preform; and 

- in making the heat- transfer fluid circulate so 
as to remove the energy absorbed by this fluid. 

35 One application consists, in particular, in the 
production of optical fibers by drawing a polymer rod. 

As mentioned above, the method makes it possible to 
approximate a uniform temperature profile throughout 
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the preform. The fibers obtained are therefore 
perfectly homogeneous and their surface layers are not 
impaired. 

Furthermore, the preform may advantageously be 
introduced into the heating chamber coated with a 
protective cladding made of a thermoplastic capable of 
conforming to the dimensions of the fiber during 
drawing of this preform. Thus, any risk of depositing 
atmospheric dust at the interface between the core and 
the cladding of the fiber is avoided. 

Moreover, a second heating stage, provided with a 
plurality of incandescent lamps emitting over a 
wavelength range covering the wavelengths absorbed by 
the preform, is advantageously used for the purpose of 
heating the surface layers of this preform. 

In addition, according to another characteristic of the 
invention, a reflecting wall is placed on that side of 
the lamps which is external to the filter through which 
a fluid circulates. This reflecting wall preferably 
consists of a plurality of concave mirrors, each placed 
facing a lamp so as to focus the radiation from this 
lamp onto the preform. 

The latter two features have the purpose of obtaining 
better temperature homogeneity throughout the preform 
and a higher draw rate. 

The invention extends to an oven intended for heating a 
material capable of absorbing electromagnetic waves of 
known wavelengths. This oven is one which comprises: 

- a source of electromagnetic waves consisting of 
at least one incandescent lamp capable of emitting over 
a wavelength range covering the wavelengths absorbed by 
the material; 
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- a filter through which a heat-transfer fluid 
circulates, interposed between the source and the 
material, the heat- transfer fluid being suitable for 
absorbing the radiation with respect to which the 

5 material has an absorption coefficient greater than a 
defined absorption threshold, so as to remove the 
excess energy dissipated in the surface layers of the 
material . 

10 This oven may advantageously be used for heating a 
preform made of a thermoplastic capable of absorbing 
electromagnetic waves of known wavelengths, for the 
purpose of drawing this preform into the form of a 
fiber. The source then consists of a plurality of 

15 incandescent lamps which are capable of emitting over a 
wavelength range covering the wavelengths absorbed by 
the preform and are placed so as to emit uniform 
radiation toward the entire surface of said preform. 

20 The invention explained above in its general form will 
be more clearly understood on reading the description 
which follows and on examining the appended drawings 
which represent, by way of nonlimiting example, a 
preferred embodiment thereof. In these drawings, which 

25 form an integral part of the present description: 

- figure 1 is a perspective view, with certain 
parts cut away, of an oven according to the invention; 

- figure 2 is a longitudinal section in the plane 

A- A; 

30 - figure 3 is a schematic longitudinal section 

illustrating the operation of drawing a preform; and 

- figure 4 is a schematic view illustrating the 
arrangement of the various elements inside this oven. 

35 The oven shown in figures 1 to 4 is intended for 
heating a rod 1, especially a polymer rod, called a 
preform, capable of absorbing electromagnetic waves of 
known wavelengths, for the purpose of allowing this rod 
to be drawn into the form of a fiber 2, especially an 
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optical fiber* This oven is designed so as to allow a 

uniform temperature profile throughout the preform to 
be approximated. 

5 The oven is composed of two superposed heating chambers 
3, 4, bounded by an upper wall 5 and a lower wall 6 
respectively, made of aluminum, and separated by an 
intermediate wall 7. These three walls are in the form 
of rings, the central recess of which makes it possible 
10 in particular to install the preform 1. 

In addition, the upper wall 5 and lower wall 6 are 
designed to be removable so as to allow easy access to 
the inside of the oven. For this purpose, they are 

15 composed of a peripheral ring 5a, 6a, which is provided 
with a shoulder 5b, 6b at its internal lateral edge, 
and with a removable inner ring 5c, 6c which bears on 
the aforementioned shoulder 5b, 6b. These two elements 
are fastened together by means of fastening screws such 

20 as 8. 

Each of the chambers 3, 4 is furthermore closed 
laterally by a peripheral wall 9 of cylindrical shape. 
One of the ends of this wall 9 is housed in an annular 

25 groove 10 made in the upper wall 5 and in the lower 
wall 6 respectively; this end is held in this groove 10 
by means of fastening screws such as 11. Moreover, this 
peripheral wall 9 has a height suitable for it to be 
separated from the intermediate wall 7 by a certain 

30 distance. This arrangement makes it possible to create 
a potential difference between the upper wall 5 (or 
lower wall 6) and the intermediate wall 7. 

The assembly is finally held together by means of 
3 5 spacers such as 12 fastened to each of the walls 5, 6, 
7 by means of collars 13 made of an insulating material 
such as porcelain. 
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Placed inside each of the chambers 3, 4 are a plurality 
of shuttle- shaped incandescent lamps 14, the ends of 
which are housed in orifices 15 made in each of the 
walls 5, 6/ 7; these lamps 14 are distributed around 
5 the perimeter of these chambers 3, 4 in their 
peripheral region. They are supplied with low-voltage 
(24 volt) current and are suitable for emitting 
radiation within a wavelength range covering the 
wavelengths absorbed by the preform 1 . 

10 

Furthermore, the electrical power of these lamps 14, 
which is between 10 and 2 0 watts, is chosen according 
to the size and the nature of the preform 1 to be 
drawn. This power may be finely regulated using 
15 electrical supply means (not shown) suitable for 
varying the supply voltage of these lamps. 

One of the heating chambers 3 also comprises a filter 
16 through which a heat- transfer fluid circulates, 

20 positioned so as to lie interposed between the 
incandescent lamps 14 and the preform 1. This filter 16 
consists of a cylindrical sleeve made of pyrex, having 
two walls 16a, 16b between which the heat- transfer 
fluid circulates. It rests on a shoulder 17 made at the 

25 internal lateral edge of the intermediate wall 7. 

The fluid, chosen according to its absorption bands, is 
by nature capable of absorbing the radiation with 
respect to which a preform 1, a few centimeters in 
30 diameter, has an absorption threshold greater than 
4.5 nf 1 , so as to approximate a uniform temperature 
profile throughout this preform. 

This fluid is circulated in a closed and thermostatted 
35 circuit by electrical pumping means, so as to remove 
the energy absorbed. This cooling circuit comprises, in 
particular, ducting means 18 flowing around the inside 
of the intermediate wall 7 of the oven so as to cool 
the latter. The heat- transfer fluid therefore consists 
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both of the active element of the filter 16 and the 
heat-transfer element used for cooling the heating 
chambers 3 , 4 . 



Additional cooling is obtained by means of peripheral 
slots 19 made in both the upper wall 5 and the lower 
wall 6 of the oven, outside the peripheral wall 9. 
These slots 19 make it possible to create a flow of air 
which results in convective cooling of the peripheral 
wall 9 of the oven. 

Moreover, the peripheral wall 9, made of brass, has a 
chromium-plated internal face, of corrugated shape, so 
as to constitute a plurality of mirrors 20 of concave 
15 shape placed side by side, each facing an incandescent 
lamp 14. 

These mirrors 2 0 are used to focus the radiation from 
the lamps 14 onto the central region of the oven where 
2 0 the preform 1 is, and therefore make it possible to 
obtain a more homogeneous temperature profile and a 
higher draw rate. 



5 



10 



This convergence of the light radiation toward the 
25 center of the oven is achieved by positioning each lamp 
14 at a distance from the center of the oven and from 
the peripheral wall 9 such that: 

— + — = — (figure 4) 
P P' R 

30 

where R, the radius of the mirror = SC ; the distance 
between the top and the center of the mirror; 
P = SL , the distance between the top of the 
mirror and the center of the coma formed by the 
35 rays reflected off the mirror; and 

P 1 = SL 1 , the distance between the top of the 
mirror and the position of the lamp. 
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Finally the upper wall 5 and the lower wall 6 of the 
oven are each provided with an opening allowing the 
introduction of the preform 1 and the extraction of the 
fiber 2, respectively. These openings are provided with 
5 iris diaphragms 21 allowing their cross section to be 
adapted to the respective dimensions of the preform 1 
and of the fiber 2, so as to prevent drafts due to 
convection in the oven. 

10 The latter feature makes it possible for the 
temperature to be controlled better and for this 
temperature to be properly stabilized inside the oven. 

The oven as described above is particularly suitable 
15 for heating a preform 1 made of a thermoplastic for the 
purpose of drawing it into the form of a fiber 2 . This 
preform 1, is introduced into the oven and provided 
with a protective cladding 22 made of a material 
suitable for being softened and for conforming to the 
2 0 dimensions of the fiber 2 during drawing of the preform 
1 (figure 3) . 

The first heating stage 3, provided with the filter 16 
through which a fluid circulates, then allows the 

2 5 preform 1 to be heated so as to approximate a uniform 

temperature profile throughout the latter. As regards 
the second heating stage 4, of much lower power, this 
is used to heat the surface layers of the preform 1 
which have a tendency to cool down, and therefore to 

3 0 maintain the temperature homogeneity throughout this 

preform. 

The actual drawing is carried out with the aid of any 
conventional mechanical means known per se. This 
35 drawing starts when the end of the preform 1 is at its 
melting point. 

It should be noted that the possibility, initially 
offered, of adjusting the supply voltage of the 
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incandescent lamps 14, of choosing a heat transfer 
fluid or mixture of heat- transfer fluids specifically 
suited to the nature of the material, and of choosing 
lamps of suitable power, allows the oven to be operated 
5 with optimum efficiency. 

The example mentioned above illustrates one application 
of this method to the heating of a rod of polymethyl 
methacrylate (hereafter denoted by PMMA) for the 
10 purpose of drawing it into the form of an optical 
fiber . 

A study of the absorption losses of PMMA shows the 
presence of the fundamental absorption peak for 
15 wavelengths lying between 3.2 and 3.4 microns. 
Associated with this very intense peak are harmonics 
lying within the near infrared and within the visible, 
the amplitude of which harmonics decreases as the order 
increases . 

20 

This study makes it possible to deduce that to obtain a 
uniform temperature profile throughout this material 
requires the use of light having a wavelength of less 
than 1.6 microns. This is because radiation of 
25 wavelengths greater than this value would result in 
excitation of the lowest vibration modes of C-H bonds, 
and therefore the most highly absorbent ones; such 
radiation would therefore be converted into heat in the 
surface layers of the preform. 

30 

It should be furthermore noted that radiation 
substantially below 1 micron is very little absorbed by 
PMMA for thicknesses of this material of the order of a 
few centimeters. Consequently, uniform heating 
35 throughout the preform requires the excitation of 
radiation having wavelengths lying substantially 
between 1 and 1.6 microns, which is sufficiently 
absorbed to be converted into heat . 
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For this purpose, the chosen heat- transfer liquid, 
which must have an absorption spectrum similar to that 
of PMMA, is a material whose molecules contain C-H 
bonds . 

5 

A study of the absorption spectra of various liquids 
has thus made it possible to select pentane, methanol, 
chloroform and carbon tetrachloride. However, the 
optimum efficiency of the oven is obtained with a 
10 liquid consisting of a mixture of these various 
products in proportions allowing a suitable 
concentration of the C-H bonds. 



- 14 - 



2606866 



CLAIMS 

1. A method of heating a material capable of absorbing 
electromagnetic waves of known wavelengths, for the 
purpose of approximating a uniform temperature profile 
throughout said material, said method consisting: 

- in using a source of electromagnetic waves which 
emits over a wavelength range covering the wavelengths 
absorbed by the material and in making said source 
radiate toward said material; 

- in filtering the radiation emitted by the source 
by means of a heat-transfer fluid capable of absorbing 
the radiation with respect to which the material has an 
absorption coefficient greater than a defined 
absorption threshold, so as to remove the excess energy 
dissipated in the surface layers of said material; and 

- in making the heat-transfer fluid circulate so 
as to remove the energy absorbed by this fluid. 

2 . The method as claimed in claim 1 for heating a 
polymer capable of absorbing electromagnetic waves of 
wavelengths substantially lying between 0.8 and 
4 microns, which consists in using incandescent lamps 
(14) emitting over a wavelength range lying 
substantially between 0.6 and 4 microns. 

3 . The method as claimed in claim 2 for heating an 
organic material having C-H bonds, which consists in 
filtering the radiation of wavelengths substantially 
greater than 1 . 6 microns . 

4. A method of heating a preform (1) made of a 
thermoplastic capable of absorbing electromagnetic 
waves of known wavelengths, intended to allow said 
preform to be drawn into the form of a fiber (2), which 
consists : 
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- in placing the preform (1) in a heating chamber 
(3) provided with a plurality of incandescent lamps 
(14) emitting over a wavelength range covering the 
wavelengths absorbed by said preform and in making said 
lamps radiate toward this preform; 

- in interposing, between the preform (1) and the 
lamps (14), a filter (16) through which a heat-transfer 
fluid circulates capable of absorbing the radiation 
with respect to which the preform (1) has an absorption 
coefficient greater than a defined absorption 
threshold, so as to remove the excess energy dissipated 
in the surface layers of said preform; and 

- in making the heat- transfer fluid circulate so 
as to remove the energy absorbed by this fluid. 

5. The heating method as claimed in claim 4, intended 
for heating a polymer preform (1) a few centimeters in 
thickness, for the purpose of allowing it to be drawn 
into the form of an optical fiber (2), which method 
consists in filtering the radiation emitted by the 
lamps (14) by means of a heat- transfer fluid capable of 
absorbing the radiation with respect to which said 
preform has an absorption coefficient greater than 
4.5 rrf 1 . 

6. The heating method as claimed in either of claims 4 
and 5, wherein the preform (1) is introduced into the 
heating chamber (3) coated with a protective cladding 
(22) made of a thermoplastic capable of conforming to 
the dimensions of the fiber (2) during drawing of said 
preform. 

7 . The heating method as claimed in one of claims 2 to 

6, wherein the incandescent lamps (14) are supplied 
with a current of adjustable voltage so as to regulate 
the electrical power of said lamps. 

8. The heating method as claimed in one of claims 4 to 

7, wherein a second heating stage (4) provided with a 
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plurality of incandescent lamps (14) emitting over a 
wavelength range covering the wavelengths absorbed by 
the preform (1) is used and wherein said lamps are made 
to radiate toward said preform so as to heat the 
5 surface layers of this preform. 

9. The heating method as claimed in claim 8, wherein 
the heat-transfer fluid is made to circulate in an 
intermediate partition (7) separating the two heating 
10 stages (3, 4) . 

10. An oven intended for heating a material capable of 
absorbing electromagnetic waves of known wavelengths, 
which comprises: 
15 - a source of electromagnetic waves consisting of 

at least one incandescent lamp (14) capable of emitting 
over a wavelength range covering the wavelengths 
absorbed by the material; 

- a filter (16) through which a heat- transfer 

2 0 fluid circulates, interposed between the source and the 

material, the heat-transfer fluid being suitable for 
absorbing the radiation with respect to which the 
material has an absorption coefficient greater than a 
defined absorption threshold, so as to remove the 
25 excess energy dissipated in the surface layers of the 
material . 

11. The oven as claimed in claim 11, intended for 
heating a preform (1) made of a thermoplastic capable 

3 0 of absorbing electromagnetic waves of known 

wavelengths, for the purpose of drawing said preform 
into the form of a fiber (2), wherein the source of 
electromagnetic waves consists of a plurality of 
incandescent lamps (14) which are capable of emitting 
35 over a wavelength range covering the wavelengths 
absorbed by the preform (1) and are placed so as to 
emit uniform radiation toward the entire surface of 
said preform. 
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12. The heating oven as claimed in claim 11, which 
includes a heating chamber (3) of cylindrical overall 
shape, the incandescent lamps (14) being distributed 
around the perimeter of said chamber, in its peripheral 

5 region, and the filter (16) consisting of a cylindrical 
sleeve having two walls (16a, 16b) between which the 
heat-transfer fluid flows. 

13 . The heating oven as claimed in either of claims 11 
10 and 12, which includes a reflecting wall (9) on that 

side of the incandescent lamps (14) which is external 
to the filter (16) through which a fluid circulates. 

14. The heating oven as claimed in claim 13, wherein 
15 the .reflecting wall comprises a plurality of concave 

mirrors (20) , each of said mirrors being arranged so as 
to face an incandescent lamp (14) so as to focus the 
radiation from said lamp onto the central region of the 
chamber ( 3 ) . 

20 

15. The heating oven as claimed in one of claims 11 to 

14, which includes a second heating chamber (4) having 
a source of electromagnetic waves consisting of a 
plurality of incandescent lamps (14) emitting radiation 

25 in a wavelength range covering the wavelengths absorbed 
by the preform (1) , said lamps being placed so as to 
emit uniform radiation toward the entire surface of 
said preform. 

30 16. The heating oven as claimed in one of claims 10 to 

15, which includes a circuit for cooling the heat- 
transfer fluid, comprising a thermostatted closed-loop 
circuit and means for making said fluid circulate. 

35 17. The heating oven as claimed in claim 16, wherein 
the two heating chambers (3, 4) are separated by an 
intermediate wall (7) winding around the inside of 
which are means (18) for ducting the heat- transfer 
fluid. 
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18. The heating oven as claimed in one of claims 10 to 
17, which includes electrical supply means for the 
incandescent lamps (14) suitable for delivering a 
5 voltage adjustable around a value of about 24 volts* 



19. The heating oven as claimed in one of claims 11 to 
18, which includes an upper wall (5) and a lower wall 
(6), each provided with an opening allowing the 

10 introduction of the preform (1) and the extraction of 
the fiber (2) respectively, said oven being one in 
which said openings are provided with diaphragms (21) 
allowing the cross section of these openings to be 
adapted to the respective dimensions of the preform (1) 

15 and of the fiber (2). 
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ABSTRACT 



Method and oven for heating a material and application 
to the heating of a preform for the purpose of drawing 
it into the form of a fiber 



The invention relates to a method of heating a material 
capable of absorbing electromagnetic waves of known 
wavelengths for the purpose of approximating a uniform 
temperature profile throughout this material. This 
method applies to the heating of a preform for the 
purpose of allowing it to be drawn into the form of a 
fiber. The electromagnetic waves are produced by 
incandescent lamps 14 emitting over a wavelength range 
covering the wavelengths absorbed by the material . The 
radiation emitted by these lamps 14 is filtered by 
means of a filter 16 containing a heat- transfer fluid 
capable of absorbing the radiation with respect to 
which the material has an absorption coefficient 
greater than a defined absorption threshold, so as to 
remove the excess energy dissipated in the surface 
layers of this material. 



